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INTRODUCTION 


One  of  the  major  concerns  of  plant  pathologists  is  the  loss  of 
pathogenicity  of  fungi  maintained  in  vitro  (15).  Instability  becomes 
apparent  when  a fungus  is  transferred  from  a parasitic  environment  (in 
vivo)  to  a saprophytic  condition  (in  vitro).  Such  a change  of  environ- 
ment may  serve  to  favor  non-pathogenic  biotypes  included  in  the  hetero- 
geneous population  of  biotypes  that  constitute  the  species  as  defined. 
Variant  forms  better  adapted  to  a saprophytic  existence  are  favored  by 
continued  selection  pressures  in  vitro,  and  the  pathogenic  biotypes  are 
gradually  overgrown  and  replaced. 

Variability  has  been  attributed  to  high  mutability  (16,  78);  hetero- 
karyosis  (10,  13,  37,  39,  42,  62);  saltation  (27,  47);  adaptation  (14,  18, 
19);  and  parasexualism,  initially  described  by  Pontecorvo  (65,  66).  Buxton 
(13)  attributed  the  variability  of  Fusarium  oxysporum  to  the  latter  process, 
although  Snyder  (78)  believed  mutation  to  be  more  important.  Likewise, 
Gabrielson  (36)  presumed  mutation  to  be  the  cause  of  sectors  in  Septoria 
apiicola. 

Hansen  (38)  explained  part  of  the  variability  observed  in  29  genera 
and  35  species  of  imperfect  fungi  as  due  to  heterokaryosis  and  indicated 
that  a dual  phenomenon  was  common  in  Botrytis  and  other  imperfect  fungi. 

In  such  organisms,  a single  spore  may  give  rise  to  three  cultural  types: 
one  producing  abundant  mycelia  and  few  conidia,  another  producing  many 
conidia  and  relatively  less  mycelia,  and  a third  type,  in  general, 
intermediate  between  the  other  two  types.  Hansen  concluded  that  individual 
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cells  and  spores  of  such  fungi  contained  two  genetically  distinct  types  of 
nuclei,  but  that  the  change  from  conidial  to  mycelial  type  was  due  to 
mutation  (40). 

For  sexually  reproducing  plant  pathogens,  hybridization  is  the  most 
probable  method  for  creating  variant  biotypes  (31,  33,  46,  81,  89,  90,  91). 

The  literature  concerning  variation  in  phytopathogenic  fungi  has  been 
extensively  reviewed  (10,  17,  22,  31,  43,  70,  77,  80). 

Lack  of  adequate  techniques  to  differentiate  plant  pathogenic  bio- 
types ini  vitro  has  prevented  elucidation  of  the  basic  variability  in 
pathogenicity.  The  criteria  frequently  followed  to  characterize  "variants" 
have  been  based  mainly  on  gross  morphology,  growth  rat^  and  pathogenicity 
(37,  38,  60).  Distinctions  among  cultural  types  based  on  morphological 
characters  is  questionable  because  of  the  temporary  influence  of  nutritional 
and  environmental  factors  (56,  76).  Physiological  responses  would  be  more 
reliable  criteria  to  distinguish  biotypes.  Some  of  the  techniques  developed 
for  the  study  of  bacteria  and  non-phytopathogenic  fungi  (1,  6,  21,  35,  51, 

52,  53,  54,  59,  64,  71,  83,  93),  conceivably  could  be  modified  to  study 
variability  in  phytopathogens. 

A technique  described  by  Tatum  et  al.  (83)  could  be  applied  to  facilitate 
the  selection  of  plant  pathogenic  biotypes.  Restricted  growth  of  colonies  was 
induced  in  Neurospora  and  Syncephalastrum  using  L-sorbose  or  sodium  desoxy- 
cholate  as  well  as  other  surface  active  agents  added  to  a synthetic  media. 

These  authors  proposed  the  term  "paramorphic"  to  designate  a fungus  culture 
in  which  morphological  changes  have  been  environmentally  induced  without 
any  corresponding  genetic  alteration. 
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The  influence  of  paramorphogenic  agents  has  been  determined  only  for 
saprophytic  fungi.  This  technique  could  be  adapted  to  facilitate  the 
selection  of  biotypes  and  assist  in  assessment  of  inherent  genetic  variation 
of  phytopathogens  jin  vitro  as  well  as  i^n  vivo.  Ampuero  et  al.  (2)  studied 
the  response  of  12  plant  pathogenic  fungi  to  L-sorbose  and  sodium  desoxy- 
cholate.  Both  paramorphogens  restricted  the  colony  growth  of  nine  fungi 
each,  and  sodium  desoxycholate  completely  inhibited  colony  formation  of 
Phomopsis  vexans,  P.  citri,  and  Monilia  f ructicola. 

Recently  some  investigators  have  attempted  to  use  more  precise 
techniques  to  differentiate  pathogenic  biotypes  (34,  41,  49,  74,  88).  The 
use  of  specific  amendments  in  culture  media  would  be  more  reliable  criteria 
to  select  desired  biotypes  from  a heterogeneous  population  of  biotypes 
that  constitute  many  individual  phytopathogens.  The  selective  media  should 
not  produce  a drastic  change  in  the  pathogen  as  is  the  case  when  mutagenic 
agents  are  employed  (5,  7,  30,  32,  48,  50). 

Clones  could  be  selected  from  a heterogeneous  population  of  phyto- 
pathogens using  antibiotics  or  other  appropriate  amendments  in  culture 
media.  Antibiotics  have  been  utilized  to  isolate  bacteria  and  fungi  from 
soil  (44,  61,  86),  in  isolation  from  diseased  or  decayed  plant  parts  (28, 

72) , selection  of  auxotropic  mutants  in  yeast  (59) , inhibition  of  phyto- 
pathogenic  bacteria  in  vitro  (45^  and  control  of  plant  diseases  (23) . 

The  group  of  imperfect  fungi  seems  well  adapted  to  a study  of  the 
inherent  asexual  genetic  variation  of  phytopathogens,  because  a sexual 
stage  does  not  contribute  to  cultural  instability.  Much  of  the  informa- 
tion available  on  variation  within  this  group  of  fungi  has  been  carried 
out  with  non-phytopathogenic  types  (58,  66,  67),  although  other  genera. 
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i.e.,  Botrytis,  would  be  suitable  subject  material.  Brierley  (10)  visualized 
B.  cinerea  as  a "cluster  of  numerous  races  or  strains  morphologically 
congruent  in  the  host  but  _in  vitro  showing  marked  and  constant  cultural 
differences."  Species  of  this  genus  would  be  particularly  well  adapted 
because  a)  they  are  easy  to  grow  in  culture,  b)  isolates  pathogenic  on  a 
wide  range  of  plants  can  be  obtained,  c)  they  are  known  to  be  an  unstable 
group  of  fungi  (11,  63),  in  which  the  taxonomy  is  not  well  elucidated  (82), 
and  d)  the  conidia  are  one-celled  but  multinucleate  (37). 

The  objective  of  the  research  reported  herein  was  to  develop  and 
adapt  techniques  which  could  be  applied  to  assess  in  vitro  as  well  as  in 
vivo  the  inherent  variability  of  some  Botrytis  species. 


MATERIALS  AND  METHODS 


Fungus  Cultures 

The  original  isolates  of  Botrytis  used  in  this  study  were  obtained 
as  follows:  Botrytis  cinerea  Fr. : a)  isolated  from  infected  flowers  of 

pepper  grown  at  Gainesville,  Florida;  b)  isolated  from  diseased  chrysan- 
themum plant  material  received  from  Fort  Myers,  Florida;  c)  isolated  from 
tomato  and  received  from  the  Indian  River  Experimental  Station,  Ft.  Pierce, 
Florida;  d,  e,  f)  cultures  isolated  from  strawberry,  African  violet,  and 
kenaf , respectively,  received  from  Everglades  Experimental  Station,  Belle 
Glade,  Florida.  Botrytis  allii  Munn:  isolated  from  an  infected  onion  bulb 
collected  in  Gainesville,  Florida;  Botrytis  gladiolorum  Timm. : isolated 
from  infected  gladiolus  flowers  received  from  Gulf  Coast  Experimental 
Station,  Bradenton,  Florida. 

Media 

A basic  synthetic  medium  of  the  following  composition  was  used  through- 
out these  experiments:  KC1-0.1%,  KH2P04-0. 15%,  NaN03-0.3%,  MgS04-0.05%, 

casein  hydrolysate-O. 3%,  yeast  extract-0. 3%,  glycerol-O. 1%,  agar-2. 0%  in 
1,000  ml  of  water.  The  medium  was  amended  before  steam  sterilization 
with  either  L-sorbose  or  sodium  desoxycholate . Stock  solutions  of  sodium 
dodecyl  sulfate  and  hexachlorocyclohexane  were  sterilized  by  filtration 
and  added  to  the  basic  medium  after  sterilization.  In  the  same  manner, 
sterile  stock  solutions  of  the  antibiotics  were  prepared  and  samples,  to 
give  the  desired  concentration,  added  to  the  medium  after  sterilization. 


5 


6 


Seeding 

The  sterilized  media  in  petri  plates  were  seeded  by  placing  a drop 
(appr.  0.05  ml)  of  a spore  suspension  on  the  agar  when  isolation  of 
single  colonies  was  intended  or  five  drops  (appr.  0.25  ml)  when  in- 
hibition to  antibiotics  was  being  determined.  The  spores  were  then 
spread  evenly  over  the  surface  of  the  medium  with  a sterile  glass  rod.  A 
small  amount  of  polyoxyethylene  sorbitan  monolaurate  (Tween  20)  was  added 
to  the  suspensions  to  facilitate  dispersion  of  spores.  All  cultures  were 
seeded  inside  a sterile  chamber  after  which  the  petri  cultures  were 
incubated  at  75  - 5°F. 

Paramorphogenic  Agents 

The  following  materials  were  assayed  for  paramorphogenic  activity: 
a)  L-sorbose  (Matheson,  Coleman  and  Bell);  b)  sodium  desoxycholate 
(Nutritional  Biochemicals  Corporation);  c)  dodecyl  sodium  sulfate  (Matheson, 
Coleman  and  Bell) ; and  d)  1-2-3-4-5-6  hexachlorocyclohexane  (Eastman 
Organic  Chemicals).  The  first  two  of  these  were  added  to  the  media  before 
steam  sterilization  to  obtain  the  following  concentrations:  L-sorbose, 

0.1,  1.0,  2.0,  3.0;  or  4%;  sodium  desoxycholate  0.03,  0.05,  0.07,  0.1, 

0.2,  or  0.3%.  Dodecycl  sodium  sulfate  and  hexachlorocyclohexane  were 
added  to  the  media  after  sterilization  to  give  concentrations  of  0.006, 
0.00^  and  0.01%  and  0.03,  0.05,  0.07,  or  0.1%,  respectively.  Each  treat- 
ment consisted  of  10  petri  culture  replicates.  Control  cultures  on  the 
basic  medium  were  included  in  all  experiments. 
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Antibiotics 

Five  antibiotics,  supplied  by  the  commercial  companies  mentioned 
below,  were  used:  a)  nystatin  (Mycostatin,  E.  R.  Squibb  and  Sons),  b) 

phleomycin  (Dowco  189,  Dow  Chemical  Corp.),  c)  cycloheximide  (Actidione, 
Upjohn  Co.),  d)  griseofulvin  (Schering  Corp.),  and  e)  pimaracin  (Pimafucin, 
Mycof arm-Delf t , Holland). 

Stock  solutions  of  the  antibiotics  were  sterilized  by  filtration 
through  Seitz-f ilters  of  1 micron  nominal  pore-diameter  and  appropriate 
quantities  added  to  sterilized  media.  Ranges  of  concentrations  from  0.1 
to  700  ppm  of  cycloheximide,  griseofulvin,  or  pimaracin  and  0.1  to  30 
ppm  of  phleomycin,  were  assayed  to  determine  inhibition  of  three  Botrytis 
species.  Nystatin  was  assayed  in  concentrations  of  10  to  400  units/ml 
of  media.  (Units  of  nystatin  were  calculated  from  the  descriptive 
literature  received  from  E.R.  Squibb  and  Sons.) 

For  selection  of  clones  tolerant  to  antibiotics,  either  0.03% 
sodium  desoxycholate  or  1.0%  L-sorbose  was  added  to  the  medium  to 
induce  restricted  growth  of  colonies.  In  experiments  to  determine 
possible  inhibition  of  Botrytis  species  by  antibiotics,  no  paramor- 
phogenic  agents  were  added  to  the  basic  medium. 

Inhibition  of  Botrytis  species  with  antibiotics  was  also  studied 
using  a modification  of  the  paper  disc  technique  described  by  Loo  et  al. 
(57) . Twenty  ml  of  sterile  basic  medium  were  delivered  into  petri 
dishes  (about  100  mm  in  diameter)  with  a sterile  pipette.  When  the 
agar  had  solidified,  it  was  seeded  with  0.25  ml  of  spore  suspension 
containing  approximately  1,000  spores/ml  and  spread  with  a glass  rod. 

Serial  water  dilutions  of  phleomycin  (500  to  6,000  ppm)  or  nystatin 
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(100  to  1,000  units/ml)  were  prepared.  Filter  paper  discs  of  12.7  mm 
diameter  were  placed  flat  on  the  agar  plates.  Two  discs  were  placed 
equidistant  from  the  sides  and  from  each  other  on  each  petri  dish  and 
gently  pressed  to  the  agar.  Onto  each  disc,  a 0.1  ml  sample  of  the 
antibiotic  solution  was  immediately  delivered  using  a 0.05  ml  sterile 
transfer  loop.  Six  replicates  of  each  antibiotic  dilution  were  used  in 
each  experiment  along  with  control  discs  on  which  only  sterile  water 
was  placed. 

o 

The  plates  were  incubated  at  about  75  F for  96  hours.  The  diameter 
of  the  inhibition  zone  was  measured,  and,  when  the  area  of  inhibition  was 
irregular  in  shape,  the  larger  and  smaller  diameters  were  averaged  for 
each  treatment.  The  area  of  the  inhibition  zones  was  calculated 
exclusive  of  the  area  covered  by  the  paper  discs. 

Triphenyl  tetrazolium  chloride  (Matheson,  Coleman,  and  Bell)  was 
also  assayed  to  differentiate  in  vitro  variant  biotypes.  A range  of 
concentrations  from  0.01  to  0.1%  was  tested.  Water  solutions  of  triphenyl 
tetrazolium  chloride  (TTC)  were  steam  sterilized  separately  and  added  to 
the  basic  medium  after  sterilization. 

Isolation  of  Selected  Clones 

Several  clones  were  isolated  on  basic  medium  amended  with  nystatin 
(200  units/ml),  phleomycin  (0.5  and  1.0  ppm),  pimaracin  (200  ppm),  and 
cycloheximide  (100  ppm).  The  amended  media  were  seeded  with  spore 
suspensions  of  wild-type  cultures  of  B.  cinerea  (pepper,  tomato,  chrysan- 
themum and  strawberry  isolates) . Isolation  of  individual  colonies  was 
facilitated  using  either  1%  L-sorbose  or  0.03%  sodium  desoxycholate 
added  to  the  antibiotic  media.  Single-spore  colonies  growing  on  the 
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highest  concentration  of  the  antibiotic  media  were  transferred  and  maintained 
for  approximately  12  months  on  an  antibiotic  medium  of  the  same  formulation 
from  which  the  clone  was  selected,  except  that  no  par amor phogenic  agent  was 
included. 

Several  clones,  originally  from  wild-type  cultures  of  B.  cinerea 
(pepper  and  tomato  isolates),  were  also  isolated  on  0.05%  TTC  medium 
amended  with  0.03%  sodium  desoxycholate.  Red-colored  and  colorless  colonies 
growing  on  the  TTC  medium  were  transferred  to  the  basic  medium. 

Pathogenicity  Tests 

Thirty-day-old  pepper  (Capsicum  annuum  L.)  seedlings  of  the  varieties 
California  Wonder  and  Yolo  Wonder  were  inoculated  with  the  biotypes  selected 
in  media  with  various  amendments.  At  least  100  seedlings  in  4-inch  clay 
pots  were  inoculated  with  each  biotype. 

Spore  suspensions  were  adjusted  to  10,000  spores/ml  but,  with  some 
clones  that  sporulated  poorly,  a minimum  of  5,000  spores/ml  was  used.  A 
drop  of  Tween  20  was  added  to  the  suspensions  to  facilitate  dispersion  of 
spores  in  the  inoculum  and  wetting  of  leaf  surfaces.  The  inoculum  was  ap- 
plied to  the  plants  with  a De  Vilbiss  atomizer  after  which  the  plants  were 
immediately  covered  with  a polyethylene  bag  to  maintain  high  moisture,  and 
the  pot  set  in  an  8-inch  clay  saucer  placed  on  the  greenhouse  bench.  The 
temperature  during  these  experiments  averaged  about  58°F  during  the  night 
and  ranged  from  70  to  95°F  during  the  day.  Data  were  recorded  using  the 
percentage  of  seedlings  killed  by  each  clone  as  an  infection  index. 
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Carbon  Sources 

The  basal  medium  described  by  Lilly  and  Barnett  (55)  was  utilized 

in  carbon  source  experiments.  Lots  of  six  liters  of  medium  were  prepared 

to  insure  that  the  basal  medium  for  each  experiment  was  the  same.  Ten 

grams/liter  of  each  carbon  source  were  used  in  all  the  experiments  and  the 

pH  of  the  medium  adjusted  to  6.0  before  sterilization.  The  basal  medium 

and  the  carbon  compounds  were  sterilized  separately  and  mixed  aseptically. 

Four  125  ml  flasks  were  used  as  culture  vessels  for  each  treatment,  each 

flask  containing  25  ml  of  medium.  One  piece  of  the  mycelium  and  agar  cut 

with  a cork  borer  about  3 mm  in  diameter  was  used  to  seed  each  flask  of 

o 

basal  medium.  The  flasks  were  incubated  at  about  75  F and  the  mycelium 
was  harvested  four  and  nine  days  after  inoculation,  dried  overnight  at 
100°,  or  75°C  for  24  hours,  and  weighed  on  an  analytical  balance. 

In  a preliminary  experiment,  12  carbon  sources  were  compared  for 
supporting  mycelial  growth  of  three  B.  cinerea  cultures  isolated  from 
pepper:  type  culture,  a clone  isolated  on  nystatin  media  (200  units/ml), 

and  a clone  isolated  on  basic  medium  amended  with  0.03%  sodium  desoxy- 
cholate.  Based  on  the  results  obtained  in  the  preliminary  experiment,  this 
study  was  expanded  to  include  four  carbon  sources  (mannose,  glucose, 
fructose  and  glycerol)  and  12  fungus  clones  (four  clones  isolated  on  TTC 
medium,  two  red-colored  and  two  colorless  single  spore  colonies;  four 
clones  selected  on  200  units/ml  nystatin;  and  four  clones  selected  on 
0.5  ppm  phleomycin  medium.  The  type  culture  from  pepper  was  used  as  a 
control  in  each  experiment  and  flasks  containing  basal  medium  without 
carbon  were  seeded  with  each  of  the  12  clones.  The  mycelium  was  harvested 
after  nine  days'  incubation. 
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Mycelial  Inhibition 

The  paper  disc  technique  previously  described  was  utilized  in  this 
study  with  the  following  modifications:  the  basic  medium  was  prepared 

with  distilled  water  and  the  pH  adjusted  to  6.5.  Ten  grams/liter  of  each 
of  three  carbon  sources  (mannose,  fructose  and  glycerol)  were  steam-steril- 
ized separately  and  added  aseptically  to  the  basic  medium.  One-tenth  ml 
of  either  nystatin  (ip00  uiits/ml)  or  phleomycin  (6,000  ppm)  was  placed  on 
a paper  disc  located  in  the  center  of  each  petri  culture. 

Four  isolates  were  used  in  the  first  experiment:  two  clones  isolated 

on  phleomycin  medium  (0.5  ppm) , one  clone  isolated  on  TTC  medium,  and  the 
wild  isolate  from  pepper.  In  the  second  experiment,  three  isolates  were 
used:  two  clones  isolated  on  nystatin  medium  (200  units/ml)  and  the  wild 

isolate  from  pepper.  Six  replicates  of  each  carbon  source  were  used  in 

o 

each  experiment  and  the  plates  were  incubated  at  about  75  F for  96  hours. 
The  areas  of  the  inhibition  zones  were  calculated  exclusive  of  the  areas 
covered  by  the  paper  discs. 


RESULTS 


Influence  of  Paramorphogenic  Agents 

Sodium  desoxycholate  restricted  the  increase  in  diameter  of  all 
Botrytis  isolates  tested.  L-sorbose  induced  paramorphogenic  growth 
only  with  B,  allii  (Figure  1).  No  notable  influence  of  dodecyl  sodium 
sulfate  was  observed  on  allii , B.  gladiolorum,  or  B.  cinerea  (C. 

annul m isolate) , but  restricted  colonies  were  produced  with  an  isolate 
of  the  latter  species  from  L^_  esculentum  and  chrysanthemum.  Hexachloro- 
cyclohexane  did  not  influence  colony  growth  of  any  of  the  Botrytis  species 
used  (Table  1) . 

The  period  of  influence  of  paramorphogenic  agents  was  variable. 

The  effect  of  L-sorbose  on  B^_  allii  lasted  more  than  30  days,  and  only  a 
slight  increase  in  colony  diameter  was  observed  after  this  period. 

Detached  spores  from  the  conidiophores  of  paramorphic  cultures  produced 
additional  restricted  colonies  after  falling  to  the  surface  of  the  medium. 
The  period  of  influence  of  sodium  desoxycholate  and  dodecyl  sodium  sulfate 
lasted  only  a few  days,  after  which  colonies  rapidly  increased  in  diameter 
to  cover  the  entire  surface  of  the  medium. 

Both  the  number  of  colonies  that  developed  and  the  size  of  individual 
colonies  of  all  Botrytis  species  were  reduced  with  the  higher  concentra- 
tions of  sodium  desoxycholate  (above  500  ppm) . In  addition,  the  colonies 
remained  restricted  in  size  for  a longer  period  of  time.  A similar  but 
less  pronounced  effect  was  noted  with  dodecyl  sodium  sulfate.  The  higher 
concentrations  of  L-sorbose  did  not  induce  such  an  effect  on  B.  allii. 
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Figure  1. — Pararaorphogenic  effect  of  sodium  desoxycholate,  L-sorbose,  and 
dodecyl  sodium  sulfate  on  cinerea  (C.  annuum  isolate),  left 
column,  B^_  gladiolorum,  middle  column,  and  allii , right 
column,  after  5-7  days.  A,  B,  C)  Control;  D,  E,  F)  0.03%  sodium 
desoxycholate;  G,  H,  I)  0.1%  L-sorbose;  J,  K,  L)  0.008%  dodecyl 
sodium  sulfate.  Appr.  1.0  x. 


Table  1.  Effect  of  three  paramorphogenic  agents  on  colony  formation  of  three  Botrytis  species 
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Colonies  in  each  of  the  various  replicates  of  sodium  desoxycholate 
or  L-sorbose  treatment  were  uniform  in  diameter.  This  was  also  noted 
with  the  tomato  and  chrysanthemum  isolates  of  cinerea  on  dodecyl 
sodium  sulfate  medium.  However,  diameters  of  B.  allii , B.  gladiolorum, 
and  13^  cinerea  (pepper  isolate)  colonies  were  extremely  variable  on 
dodecyl  sodium  sulfate  medium. 

When  high  concentrations  (0.03-0.1%)  of  the  latter  paramorphogen 
were  assayed,  a marked  toxic  effect  was  observed  and  colony  formation 
was  inhibited  above  0.07%.  At  lower  concentrations  (0.03,  0.05%)  non- 
sporulating  colonies  developed  that  were  approximately  3 mm  in  diameter 
and  immersed  below  the  surface  of  the  medium.  When  these  colonies  were 
transferred  to  the  basic  medium,  no  growth  was  observed.  When  colonies 
restricted  by  sodium  desoxycholate  and  L-sorbose  were  transferred  to  the 
basic  medium,  growth  was  indistinguishable  from  that  of  the  control 
colonies.  cinerea  and  B^  gladiolorum  showed  a tendency  to  form  aerial 

mycelium  on  sodium  desoxycholate  and  dodecyl  sodium  sulfate  media. 

From  these  experiments  it  was  determined  that  the  paramorphogenic 
agents  sodium  desoxycholate  and  L-sorbose  do  effectively  restrict  the 
growth  of  colonies  of  some  Botrytis  species. 

Inhibition  of  Botrytis  Species 
by  Antibiotics 

B.  allii  was  more  susceptible  to  the  antibiotics  assayed  than  the 
other  two  species.  B^  gladiolorum  and  EL  cinerea  (wild  isolate  from 
pepper)  tolerated  higher  concentrations  of  the  antibiotics  as  shown  in 
Table  2.  Low  concentrations  of  phleomycin  completely  inhibited  mycelial 
growth  of  all  three  species.  Inhibition  by  antibiotics  was  not  influenced 
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Table  2.  Concentrations  of  five  antibiotics  required  to  inhibit 
mycelial  growth  of  three  Botrytis  species  (three 
experiments,  each  of  four  weeks' incubation) 


Antibiotics 

B.  cinerea 

B.  allii 

B.  gladiolorum 

Nystatin 

(units/ml) 

100-150/200a 

75-100/100 

100-125/150 

Phleomycin 

(ppm) 

10-15/20 

5-10/15 

10-20/25 

Pimaracin 

(ppm) 

100-150/200 

100-125/150 

100-150/200 

Cycloheximide 

(ppm) 

150-250/300 

50-100/150 

150-250/300 

Griseof ulvin 
(ppm) 

100-150/200 

50-100/100 

100-150/200 

a 

Notable  reduction  of  mycelial  growth/minimum  concentration  that  induced 
complete  inhibition  of  colony  formation  and  mycelial  growth. 
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by  the  addition  of  either  0.03%  sodium  desoxycholate  or  1%  L-sorbose  to 
the  medium. 

Even  though  complete  inhibition  of  mycelial  growth  was  induced  with 
the  antibiotic  concentrations  noted,  spore  germination  was  only  partially 
inhibited.  Many  germinating  spores  with  but  a few  small  mycelial  fila- 
ments were  observed  on  phleomycin,  nystatin,  and  pimaracin  media.  When 
such  spores  were  transferred  to  basic  medium  without  antibiotic,  some  of 
them  produced  colonies  while  others  did  not.  The  same  results  were 
obtained  when  plates  with  (antibiotic)  amended  media  were  overlayed  with 
basic  medium  (without  antibiotic) . When  surviving  colonies  of  B.  allii 
and  cinerea  on  cycloheximide  media  (50  and  100  ppm)  were  overlayed 
with  0.05%  TTC  medium,  only  allii  colonies  appeared  reddish  after  48 
hours'  incubation. 

Noticeable  morphological  changes  were  produced  by  phleomycin  (10 
ppm),  cycloheximide  (100  ppm),  and  griseofulvin  (10  ppm).  Reduction  of 
branching,  distortion  of  conidiophores , and  reduction  of  sporulation  were 
common  effects.  The  detrimental  effect  of  griseofulvin  on  B.  allii  was 
very  pronounced  with  the  degree  of  severity  apparently  being  directly 
correlated  with  increase  in  antibiotic  concentration.  At  10  ppm,  the 
conidiophores  were  small,  distorted,  and  sometimes  curled,  while  at  20-50 
ppm,  most  of  the  conidiophores  were  unbranched  and  necrotic.  The  medium 
immediately  around  the  colonies  became  dark  brown  and  frequently  involved 
a sizable  area.  The  same  dark  pigmentation  of  the  medium  was  observed 
around  restricted  colonies  on  phleomycin  medium. 

The  inhibition  of  Botrytis  species  by  nystatin  and  phleomycin  using  the 


paper  disc  technique  is  presented  in  Figures  2 and  3.  When  the  calculated 


Calculated  inhibition  area 
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NYSTATIN.  PHLEOMYCIN 


Figure  2.  Average  inhibition  of  three  Botrytis  species  by  nystatin  and 
phleomycin  - modified  paper  disc  technique  (Areas  covered  by 
paper  discs  subtracted  from  inhibition  zones) . 
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2 A 
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Figure  3. — Antibiotic  inhibition  of  B.  cinerea  (type  isolate  from  pepper) 
mycelial  growth,  using  paper  disc  technique;  (A,  1-4)  phleomy- 
cin,  2000,  3500,  5000  ppm  and  control,  respectively;  (B,  1-4) 
nystatin,  200,  500,  800  units/ml  and  control,  respectively. 
After  4 days' incubation.  Appr.  1.0  x. 
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inhibition  areas  were  plotted,  the  shapes  of  the  curves  for  the  three  species 
were  consistently  similar  with  each  antibiotic.  The  more  direct  correla- 
tion between  antibiotic  concentration  and  area  of  inhibition  was  obtained 
with  phleomycin.  The  greatest  increase  in  effect  of  nystatin  on  inhibi- 
tion occurred  from  100  to  500  units/ml. 

Germinating  spores  with  a few  small  mycelial  filaments  were  observed 
inside  the  inhibition  areas.  Some  of  these  spores,  when  transferred  to 
basic  medium  (without  antibiotic),  grew  normally,  while  others  did  not 
grow  further. 

In  these  experiments,  it  was  demonstrated  that  some  antibiotics, 
in  relatively  low  concentrations,  do  exert  an  inhibitory  effect  on  spore 
germination  and  colony  formation  of  some  Botrytis  species.  Using  the 
paper  disc  technique,  it  was  possible  to  make  quantitative  determinations 
of  the  antibiotic  inhibition  of  mycelial  growth  of  Botrytis  species. 

Pathogenicity  Tests 

Type  cultures  of  Botrytis  species  and  biotypes  selected  on  media 
with  various  amendments  were  tested  for  pathogenicity  on  pepper  seedlings 
(var.  California  Wonder  and  Yolo  Wonder).  All  the  type  isolates  of  the 
B.  cinerea  group  were  pathogenic  (Table  3)  as  were  all  the  clones  selected 
on  amended  media  (Tables  4 and  5) . 

Marked  variations  in  the  incidence  of  Botrytis  infection  were  noted. 
Among  the  clones  selected  on  nystatin  medium  (Table  4) , some  of  the 
tolerant  clones  were  more  pathogenic  than  the  type  culture  originally 
isolated  from  pepper.  Clones  3 and  16  produced  higher  disease  indices 
than  the  type  culture,  whereas  clones  5 and  26  were  less  pathogenic. 
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Table  3.  Pathogenicity  of  eight  Botrytis  isolates  on 
pepper  seedlings  (var.  California  Wonder) 
January-March,  1964 


Botrytis 

species 

Isolated 

from 

Number  of 

cl 

plants  killed 

cinerea 

Kenaf 

20 

African  violet 

7 

Tomato 

13 

Pepper 

18 

• 

Strawberry 

10 

Chrysanthemum 

6 

gladiolorum 

Gladiolus 

0 

allii 

Onion 

0 

a 

One  hundred  seedlings  inoculated  with  each  isolate. 
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Table  4.  Pathogenicity  of  eight  clones  of  cinerea  (pepper  isolate) 

selected  on  nystatin  medium  (200  units/ml) 


Biotype 

Percentage  of 
1964 

plants  killed3 

1965 

No.  3 

71 

77.8 

5 

9 

20.8 

10 

41 

b 

11 

0 

99.0 

14 

12 

57.2 

16 

75 

— 

20 

63 

43.6 

26 

14 

— 

Wild  culture 

10 

22.4 

aAt  least  100  pepper  seedlings  were  inoculated  with  each  clone. 

T_ 

Clones  10,  16,  26  unable  to  survive  on  nystatin  medium. 
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Table  5.  Pathogenicity  of  22  clones  of  _Bj_  cinerea  isolated  on  phleomycin, 
cycloheximide,  triphenyl  tetrazolium  chloride  and  sodium 
dodecyl  sulfate  media,  January-March,  1965 


Clone 

designation 

Isolation 

medium 

Percentage  of 
plants  killede 

P-483 

Phleomycin  (0.5  ppm) 

38 

P-49a 

11 

45 

P-50a 

ft 

73 

P-56a 

11 

28 

P-77a 

11 

27 

P-803 

(1.0  ppm) 

77 

P-81a,c 

Triphenyl  tetrazolium  chloride  (500  ppm) 

2 

P-82a,C 

11  ft  11 

59 

P-83a,C 

11  11  11 

48 

P-  85  3 ’ ? 

11  It  11 

84 

P-86  ,d 

11  11  11 

23 

To-2b,C 

11  11  11 

53 

To-3b,c 

11  tf  11 

11 

m .b,c 
To-4, 

11  11  11 

54 

b,c 

To-5  ’ 

11  ft  11 

61 

To-6b>d 

It  ft  H 

57 

To-7b,d 

11  11  11 

70 

P-75a 

Dodecyl  sodium  sulfate  (500  ppm) 

79 

P-62a 

Cycloheximide  (100  ppm) 

0 

P-67a 

11 

0 

Wild  culture  (pepper) 

22 

(tomato) 

48 

aSelected  from  pepper  isolate. 

^Selected  from  tomato  isolate. 
cColonies  showing  red  color. 

j 

uColonies  with  no  visible  coloring. 

eAt  least  100  pepper  seedlings  inoculated  with  each  clone. 
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Severe  infection  was  produced  by  clones  50  and  80  selected  on 
phleomycin  media  (0.5  and  1.0  ppm,  respectively),  but  there  was  no 
correlation  between  colony  appearance  on  TTC  medium  (colored  vs.  color- 
less clones)  and  pathogenicity.  All  the  clones  selected  using  this 
latter  medium  were  pathogenic  on  pepper.  Likewise,  clone  75,  isolated 
on  basic  medium  amended  with  dodecyl  sodium  sulfate  (500  ppm) , was  also 
pathogenic  on  pepper.  Only  a few  lesions  were  observed  on  pepper  seed- 
lings inoculated  with  clones  62  and  67  isolated  on  cycloheximide  media. 
However,  the  environmental  conditions  during  pathogenicity  tests  with 
these  clones  were  unfavorable  for  infection. 

From  these  experiments,  it  was  concluded  that  the  amendments  used 
were  not  satisfactory  to  distinguish  pathogenic  from  non-pat hogenic  bio- 
types. 

Effect  of  Carbon  Sources  on  Growth 
of  Selected  Clones 

Preliminary  experiments  conducted  during  this  investigation  sug- 
gested the  possibility  that  the  carbon  source  in  the  basic  medium  influenced 
inhibition  of  Botrytis  by  antibiotics.  This  question  became  important 
since  glycerol  was  the  only  carbon  source  for  the  basic  medium  utilized 
in  other  phases  of  this  investigation. 

To  determine  if  different  carbon  sources  noticeably  influenced 
growth  of  clones  selected  on  amended  media,  two  clones  and  a type  culture 
of  B.  cinerea  (pepper  isolate),  were  grown  on  12  different  carbon  source 
media. 

In  Table  6 are  presented  the  results  of  these  experiments.  Mannose, 
glucose  and  sucrose  proved  to  be  the  better  carbon  sources  for  all  three 
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isolates.  Less  mycelial  growth  was  produced  on  fructose,  maltose,  galactose, 
and  L-sorbose  media.  Sorbitol,  rhamnose,  raffinose,  and  lactose  supported 
poor  growth,  but  mycelium  production  by  the  isolates  on  glycerol  medium  was 
extremely  scanty.  Sparse  mycelial  growth  was  observed  after  four  days' 
incubation,  but,  after  nine  days,  the  yield  of  mycelium  was  significantly 
greater. 

Mycelial  growth  produced  by  12  selected  clones  grown  on  four  carbon 
sources  is  shown  in  Table  7.  Maximum  growth  was  obtained  in  the  glucose 
medium,  but  poor  yields  were  obtained  from  all  clones  with  glycerol.  Most 
of  the  clones  grew  better  in  mannose  than  in  fructose  media,  although 
clones  P22  and  To7  produced  more  mycelial  growth  on  the  fructose  medium. 
Mannose  gave  better  growth  than  fructose .with  clones  P78  and  the  pepper 
type  isolate.  There  was  no  notable  difference  in  utilization  of  carbon 
sources  among  clones  selected  on  media  with  different  amendments.  Like- 
wise, mycelial  yield  of  clones  isolated  from  red  and  colorless  colonies 
on  TTC  medium  was  not  noticeably  different  on  the  various  carbon  sources. 

It  is  evident  from  this  study  that  most  of  the  carbon  sources  sup- 
ported better  growth  than  glycerol.  In  addition,  clones  isolated  from 
media  with  different  amendments  did  not  greatly  differ  in  mycelial 
production  on  the  various  sugars. 

Influence  of  Carbon  Source  on  Antibiotic 
Inhibition  of  Mycelial  Growth 

Following  the  determination  that  mycelial  growth  of  clones  was 
decidedly  affected  by  carbon  source,  experiments  were  conducted  to 
determine  the  influence  of  three  carbon  sources  on  the  inhibition  of 
mycelial  growth  by  antibiotics.  Two  experiments  were  completed  using  the 
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Table  7.  Weight  (mg)  of  dried  mycelium  per  flask  produced  by  13  clones 
of  B.  cinerea  (pepper  isolate)  grown  in  liquid  media  with 
four  carbon  sources  after  nine  days'  incubation 


Clones 

Mannose 

Fructose 

Glycerol 

Glucose 

Basal  Medium 
no  carbon 

Clones  selected  on  0. 

5 ppm  phleomycin  medium 

P-48 

228.5 

185.8 

73.85 

253.9 

42.0 

P-49 

311.8 

251.8 

67.25 

325.8 

56.8 

P-50 

243.2 

229.0 

94.42 

303.1 

42.0 

P-78 

305.1 

163.3 

60.85 

211.3 

40.5 

Clones 

selected  on  200 

units/ml  nystatin  medium 

P-3 

238.1 

272.3 

63.00 

280.3 

40.5 

P-5 

360.5 

308.8 

121.25 

486.3 

25.5 

P-11 

298.1 

267.5 

99.47 

325.4 

50.3 

P-22 

345.8 

308.4 

142.95 

297.9 

98.8 

Clones  selected 

on  0.5%  TTC 

medium 

P-85b 

184.9 

158.4 

78.50 

186.0 

55.0 

To-2b 

308.6 

279.8 

87.50 

346.0 

10.0 

P-86c 

236.5 

168.1 

86.85 

254.6 

41.0 

H 

0 

1 

o 

208.6 

232.5 

65.88 

230.8 

20.7 

Type  isolate 

(pepper) 

313.6 

241.4 

87.3 

286.4 

84.3 

Average  of  four  replicates  in  each  of  two  experiments. 

CIsolated  from  red-colored  and  colorless  colonies  on  TTC  medium, 
respectively. 
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paper  disc  technique.  Table  8 presents  the  effects  of  mannose,  fructose, 
and  glycerol  on  the  area  with  no  mycelial  growth  by  clones  isolated  on 
phleomycin  and  TTC  media  and  the  type  isolate  from  pepper.  According  to 
the  statistical  analyses,  the  only  significant  differences  in  inhibition 
areas  were  those  obtained  on  glycerol  medium  as  opposed  to  either  fructose 
or  mannose  media  using  clones  To7  and  P49.  No  effect  of  carbon  source  on 
antibiotic  activity  was  noted  with  clone  P50  or  the  type  isolate. 

A summarization  of  the  influence  of  the  same  three  carbon  sources 
on  the  inhibition  areas  of  two  clones  isolated  on  nystatin  medium  (200 
units/ml)  and  the  type  isolate  from  pepper  is  presented  in  Table  9. 

Again,  the  only  significant  differences  were  between  the  inhibition  areas 
on  the  glycerol  medium  and  those  on  either  fructose  or  mannose  media  when 
clone  Pll  was  used.  With  the  other  two  cultures,  the  differences  in  areas 
with  no  mycelial  growth  were  not  significant. 

The  sugars  used  as  caruon  sources  in  these  experiments  were  found 
to  directly  affect  mycelial  inhibition  by  antibiotics.  Of  the  sugars 
used,  the  greatest  areas  of  inhibition  were  consistently  obtained  on 
the  glycerol  medium,  while  the  smallest  areas  were  produced  on  the 
fructose  medium.  These  results,  and  those  of  the  previous  section,  il- 
lustrate a consistent  negative  correlation  between  utilization  of 
sugars  and  area  of  mycelial  inhibition. 
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Table  8.  Influence  of  three  carbon  sources  on  phleomycin  (6,000  ppm) 
inhibition  of  mycelial  growth  of  cinerea  after 
96  hours'  incubation 


Carbon 

source 

Clone 
To  7b 

Inhibition  area 

Clone 

P49c 

/ 2\ a 
(mm  ) 

Clone 

P50C 

Type 

culture 

1 d 

1 

1 

Mannose 

620.4  ** 

979.5  * 

711.9 

729. 71 

1 

1 

1 

1 

Fructose 

573.7  ** 

874.5  * 

550.1 

670.6 

Glycerol 

2 

999.2 

1,155.62 

734. 41 

827. 21 

inhibition 

area  exclusive  of 

that  covered  by 

the  paper  disc. 

bClone  isolated  from  a non-colored  colony  selected  on  TTC  medium. 

cClones  isolated  from  single  colonies  selected  on  0.5  ppm  phleomycin 
medium. 

dFigures  in  the  same  column  not  having  the  same  superscript  number 
are  significantly  different  at  the  5%  (*)  or  1%  level  (**)  (29). 
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Table  9.  Influence  of  three  carbon  sources  on  nystatin 
(1,000  units/ml)  inhibition  of  mycelial  growth 
of  B.  cinerea  after  96  hours'  incubation 


Carbon 

Clone 

P5° 

Inhibition  area  (mm2)a 

Clone 

Pllb 

Type 

culture 

1 

1 c 

1 

Mannose 

203.0 

169.5  ** 

492.5 

1 

1 

1 

Fructose 

120.1 

130.7  ** 

376.2 

1 

2 

1 

Glycerol 

263.9 

579.3 

658.9 

a 

Inhibition 

area  exclusive 

of  that  covered  by  the 

paper  disc. 

^Clones  isolated  from  single  colonies  selected  on  200  units/ml 
nystatin  medium. 


cFigures  in  the  same  column  not  having  the  same  superscript 
number  are  significantly  different  at  the  5%  (*)  level  or 
1%  level  (**)  (29). 


DISCUSSION 


The  nature  of  the  paramorphogenic  effect  has  been  studied  by  several 
investigators.  Tatum  (83)  indicated  that  the  activity  of  sodium  desoxy- 
cholate  and  other  materials  was  related  to  surface  activity  and  limited 
to  certain  anionic  compounds.  Dodecyl  sodium  sulfate,  used  in  this 
research,  is  also  an  anionic  surface-active  agent.  The  effect  of  L- 
sorbose  was  not  due  to  surface  activity.  De  Terra  and  Tatum  (25,  26) 
found  that  the  colonial  growth  of  Neurospora  was  due  to  alteration  of 
the  cell  wall  composition.  Microscopically,  the  hyphae  of  sorbose-grown 
colonies  were  characterized  by  a great  increase  in  the  number  of  branches 
and  cross  walls  per  unit  length  of  hypha  and  by  the  induction  of  branch- 
ing at  hyphal  tips.  This  phenomenon  was  rarely  seen  in  young  cultures. 

De  Serres  et  al . (24)  found  that  sorbose  exerts  a "toxic"  effect  on 
wild-type  conidia  or  ascospores  plated  in  sorbose-sucrose  media  which  have 
been  filter-sterilized  or  autoclaved  for  short  periods.  Brockman  and  De 
Serres  (12)  determined  that  "sorbose  toxicity"  was  eliminated  or  minimized 
in  Neurospora  conidia  or  ascospores  by  replacing  sucrose  with  a mixture  of 
fructose  and  glucose  as  the  carbon  source.  Tatum  et  al . (83)  indicated 
that  the  paramorphogenic  effect  of  L-sorbose  could  be  reversed,  apparently 
competitively,  by  other  sugars,  i.e.,  glucose,  sucrose,  and  more  slowly  by 
maltose  and  mannose.  A similar  effect  of  sucrose  on  L-sorbose  medium  was 
observed  in  the  study  reported  here,  but  the  effect  of  sodium  desoxycholate 
was  not  reversed  when  sucrose  was  substituted  for  glycerol  in  the  basic 
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medium.  Different  chemical  composition  of  the  par amorphogens  may  account, 
in  part  at  least,  for  the  different  responses  to  sucrose. 

Tatum  et  al.  (83)  indicated  that  the  use  of  glycerol  as  a carbon 
source  in  the  synthetic  medium  facilitated  the  induction  of  restricted 
growth.  A similar  influence  of  glycerol  was  observed  on  Botrytis  as  well 
as  other  phytopathogens  (2).  In  addition,  sporulation  of  Botrytis  and 
Neurospora  (4)  was  stimulated  by  glycerol. 

Of  the  materials  used  in  this  study,  sodium  desoxycholate  and  L-sor- 
bose  were  the  most  satisfactory  for  restricting  increase  in  diameter  of 
Botrytis  colonies.  At  the  lower  concentrations  assayed  (0. 5-1.0%  L-sor- 
bose  and  0.03%  sodium  desoxycholate),  no  deleterious  effect  was  observed 
and  the  influence  of  the  paramorphogens  was  only  temporary.  Hexachlorocy- 
clohexane  was  not  a satisfactory  paramorphogenic  agent  because  of  its 
insoluble  nature. 

Differences  in  antibiotic  tolerance  among  three  Botrytis  species 
were  evident  in  this  investigation.  B.  allii  was  more  susceptible  to  all 
the  antibiotics  assayed  than  B.  cinerea  and  B.  gladiolorum.  Inhibition 
of  B.  allii  by  antibiotics,  as  well  as  the  effect  of  L-sorbose,  could  be 
a valuable  criterion  to  assist  in  the  taxonomy  of  Botrytis  species. 

A direct  correlation  was  found  between  antibiotic  dose  and  mycelium 
inhibition  area  of  Botrytis  species  with  both  nystatin  and  phleomycin.  In- 
crease in  concentration  of  the  latter  was  more  consistently  reflected  in 
greater  inhibition  area  than  with  the  former,  particularly  within  the  500- 
900  units/ml  concentration  range  of  nystatin.  This  could  be  attributed, 
in  part,  to  differences  in  diffusion  and  biological  stability  of  the  anti- 
biotics in  the  agar  media.  Nystatin  is  insoluble  in  water,  very  unstable 
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in  aqueous  solution,  and  rapidly  inactivated  by  acid,  alkali,  heat,  light, 
and  oxygen  (79) . There  is  incomplete  information  about  the  chemical 
structure  and  the  physical  properties  of  phleomycin,  except  that  Smale 
et  al.  (71)  indicated  that  it  is  basic  and  soluble  in  water. 

No  reports  of  previous  studies  concerning  the  effect  of  phleomycin 
and  pimaracin  on  Botrytis  could  be  found  in  the  literature.  The  biological 
activity  of  griseofulvin  was  studied  by  Brian  (9)  who  found  that  10  p g/ml 
caused  excessive  branching  and  distortion  of  the  hyphae  of  B.  allii,  and 
still  lower  concentrations  (0.1  jjg/ml)  caused  a marked  spiral  wave  of  the 
hyphae.  Relatively  high  concentrations  (50-100  pg/ml)  did  not  prevent 
germination  of  B.  allii  conidia.  B.  cinerea,  B.  tulipae,  and  B.  narcis- 
sicola  also  showed  growth  reduction  and  distortion  of  the  hyphae.  Aytoun 
(3)  indicated  that  griseofulvin  is  not  translocated  within  the  mycelium 
and  acts  only  on  a small  region  of  the  hypha  around  the  tip. 

There  is  considerable  evidence  that  nystatin,  as  well  as  other  polyene 
anti-fungal  antibiotics,  damages  the  yeast  cell-membrane  and  decreases  its 
ability  to  take  up  and  retain  critical  metabolites  (20) . The  effect  of 
cycloheximide  on  germination  of  B,  cinerea  spores  was  investigated  by 
Thanos  (84)  and  on  mycelial  growth  by  Wallen  et  al . (85).  Wallen  and  as- 
sociates found  that  the  growth  of  B^  cinerea  was  slightly  affected  by  15 
ppm,  but,  at  50  ppm,  growth  was  strongly  retarded,  although  not  completely 
inhibited.  Inhibition  of  mycelial  growth  by  cycloheximide  was  determined 
at  higher  concentrations  (200  ppm)  in  the  present  research) . It  is  pos- 
sible that  the  primary  action  of  cycloheximide  on  yeast  is  the  inhibition 


of  protein  synthesis  (73) . 
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Elimination  of  wild-type  cells  from  a mixed  population  of  mutants 
and  wild-type  yeast  has  been  accomplished  using  antibiotics  (59) . In 
these  studies,  the  lower  limits  of  tolerance  of  phleomycin  and  cyclo- 
heximide  were  determined  when  the  amended  media  were  seeded  with  low 
spore  concentrations  (200  spores/ml).  In  this  manner,  it  was  possible 
to  select  individual  colonies  presumably  tolerant  to  the  antibiotics. 

When  the  medium  was  seeded  heavily,  it  was  difficult  to  differentiate 
individual  colonies,  although  it  was  noted  that  the  number  of  colonies 
surviving  in  amended  media  was  drastically  reduced  by  the  selective  ef- 
fect of  the  antibiotic.  However,  it  was  not  possible  to  obtain  an  ac- 
curate estimate  of  the  selective  reduction  in  spore  population  with 
increasing  concentrations  of  the  antibiotics. 

Several  clones  selected  on  0.5  ppm  phleomycin  medium  (isolated 
from  pepper,  chrysanthemum,  and  strawberry)  produced  poor,  non-sporulating 
mycelium  when  maintained  on  phleomycin  medium.  When  those  colonies  were 
transferred  to  a basic  medium  without  antibiotic,  there  was  some  increase 
in  mycelial  growth  but  not  in  sporulation.  On  the  assumption  that  these 
clones  were  nutritionally  deficient,  transfers  were  made  to  a synthetic 
medium  supplemented  with  either  peptone,  casein ; hydrolysate , yeast  extract, 
blood  hydrolysate^  or  a vitamin  mixture.  However,  no  further  improvement 
in  growth  or  sporulation  was  observed  on  any  of  the  media.  The  possibility 
remains  that  the  clones  selected  were  auxotrophic  mutants  with  more  exacting 
requirements  than  could  be  determined  in  this  preliminary  study. 

It  was  sometimes  difficult  merely  to  maintain  clones  isolated  on 
nystatin  (200  units/ml),  cycloheximide  (100  ppm),  and  pimaracin  (200  ppm) 
media  and  several  did  not  survive  on  the  antibiotic  medium  from  which  they 
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were  originally  selected.  Other  clones  tolerant  to  cycloheximide  and 
pimaracin  grew  slowly  and  sporulated  poorly  at  first,  but,  after  a six- 
month  period  of  culture  on  the  respective  antibiotic  media,  mycelial  growth 

and  sporulation  improved  somewhat.  A similar  but  less  pronounced  effect 

* 

was  observed  with  clones  selected  on  phleomycin  medium  (from  the  pepper 
type  isolate)  which  grew  better  on  phleomycin  medium  than  clones  isolated 
and  maintained  on  nystatin,  pimaracin,  and  cycloheximide  media.  Some 
improvement  in  mycelial  growth  and  sporulation  was  obtained  with  all  clones 
when  sucrose  was  substituted  for  glycerol  in  the  amended  media. 

The  paper  disc  technique  used  in  this  research  could  be  adapted  to 
assess  quantitatively  variation  produced  in  vivo.  External  environmental 
conditions  must  be  critically  controlled  to  use  the  paper  disc  technique 
most  effectively. 

Differences  in  cultural  stability,  primarily  sporulation,  of  type 
cultures  of  Botrytis  species  were  found  when  they  were  maintained  for 
two  years  in  vitro.  B.  gladiolorum  sporulated  poorly  even  when  sucrose 
was  substituted  for  glycerol  as  a carbon  source  in  the  basic  medium. 

Some  increase  in  sporulation  was  obtained  when  the  medium  was  supplemented 
with  thiamine  (100  pg/1) , biotin  (5  jug/1),  folic  acid  (4  pg/1)  and  piri- 
doxine  hydrochloride  (500  pg/1).  Wilcox  (92)  found  that  B.  gladiolorum 
was  deficient  mainly  in  thiamine.  B^  allii  also  deteriorated  as  a result 
of  continual  in  vitro  culture,  but  mycelial  growth  and  sporulation  improved 
when  the  supplements  mentioned  above  were  added  to  the  medium. 

Within  the  cinerea  group,  the  type  culture  from  pepper  was  found 
to  be  more  stable  than  the  other  isolates.  Growth  and  sporulation  were  not 
. ..ced  by  continuous  culture  for  two  years.  The  other  type  isolates  of 
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the  cinerea  group  (isolated  from  tomato,  chrysanthemum,  strawberry,  kenaf, 
and  African  violet)  were  more  unstable  in  cultural  characteristics  during 
the  course  of  this  study.  In  general,  however,  continuous  culture  of 
these  isolates  on  synthetic  media  resulted  in  a gradual  decrease  in 
sporulation. 

Colony  appearance  on  TTC  has  been  correlated  with  pathogenicity 
for  some  bacterial  plant  pathogens  (49,  74).  Cultures  derived  from  red- 
colored  colonies  were  either  weakly  pathogenic  or  non-pathogenic,  whereas 
cultures  from  white  colonies  with  pink  centers  were  highly  pathogenic. 
Colony  appearance  of  B.  cinerea  (pepper  isolate)  on  TTC  medium  could  not 
be  correlated  with  pathogenicity,  both  red-colored  and  white  colonies  being 
pathogenic  on  pepper.  Smale  (74)  also  found  that  individual  colonies  of 
Xanthomonas  phaseoli  with  color  differences  did  not  differ  in  degree  of 
pathogenicity. 

Lederberg  (52)  used  TTC  as  an  indicator  to  distinguish  between 
E.  coli  strains  capable  of  fermenting  various  sugars.  Raut  (68)  used 
the  Lederberg  technique  to  isolate  mutant  clones  of  Saccharomyces 
cerevisiae  to  ferment  glucose  following  ultraviolet  irradiation.  Clones 
derived  from  the  white  colonies,  which  were  thought  to  be  non-fermenters, 
were  capable  of  fermenting  glucose  as  were  those  from  the  red  colonies. 
Raut  (68)  concluded  that  white  colonies  differed  from  normal  colonies  in 
being  unable  to  absorb  oxygen.  Furthermore,  he  indicated  that  white 
colonies  were  deficient  in  some  of  the  components  of  the  cytochrome  system 
and  that  this  deficiency  was  inherited. 

It  was  not  possible  to  differentiate  i_n  vitro  pathogenic  from  non- 
pathogenic  biotypes  with  the  antibiotics  used  in  these  studies.  This 
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may  have  resulted,  in  part  at  least,  from  the  relative  stability  (homo- 
geneity) of  the  pepper  type  culture  from  which  most  of  the  clones  were 
isolated.  Furthermore,  it  is  generally  conceded  that  antibiotics  exert 
less  effect  on  fungi  than  on  some  other  types  of  microorganisms.  The 
environmental  conditions  during  the  winter  of  1964-1965  were  unfavorable 
for  Botrytis  infection  most  of  the  season,  although  inoculations  were 
made  during  short  periods  of  cool  weather. 

Lilly  and  Barnett  (55)  studied  the  utilization  of  sugars  by  57  species 
of  fungi  in  which  B.  cinerea  grew  well  on  glucose,  D-mannose,  D-fructose,  and 
maltose.  Reduced  growth  was  obtained  with  D-galactose,  L-arabinose,  D-xylose, 
and  L-sorbose.  Similar  utilization  of  sugars  occurred  in  this  investigation; 
moreover,  glycerol  was  not  one  of  the  better  carbon  sources  for  the  Botrytis 
species  used.  The  poor  utilization  of  glycerol  by  these  Botrytis  isolates 
helps  to  elucidate,  in  part,  the  role  of  this  carbon  source  in  inducing 
paramo rphogenic  growth  of  colonies. 

Mycelial  inhibition  by  antibiotics  was  found  to  be  inversely  related 
to  sugar  utilization.  Bradley  (8),  using  a different  technique,  found  no 
correlation  between  respiratory  quotient  and  susceptibility  to  cyclo- 
heximide  for  17  fungi  grown  in  a glucose  medium.  More  basic  knowledge 
is  needed  about  the  influence  of  essential  metabolites  in  the  inhibition 
and  tolerance  of  plant  pathogens  to  antibiotics.  This  information  could 
be  important  from  the  applied  aspect  of  plant  pathology  to  utilize  anti- 
biotics more  effectively  for  plant  disease  control. 

Adaptive  changes  in  virulence  of  plant  pathogens  continues  to  be  of 
major  concern  to  plant  pathologists  (14,  69,  87).  The  imperfect  fungi, 
in  which  there  is  no  recombination  of  heritable  traits  through  a sexual 


38 


stage,  are  appropriate  tools  with  which  to  study  the  basic  mechanisms  of 
pathogenicity.  The  techniques  devised  in  these  investigations  and  the 
results  obtained  serve  to  demonstrate  the  need  for  further  studies  to 
devise  reliably  satisfactory  means  to  assess  asexual  variability  in 
phytopathogenic  fungi. 


SUMMARY 


This  research  was  conducted  to  develop  techniques  which  could  be 
applied  to  assess  the  inherent  asexual  variability  of  some  Botrytis 
species  and  be  extended  to  study  other  culturally  unstable  fungal  phyto- 
pathogens. 

Sodium  desoxycholate  (0.03  - 0.3%)  and  L.  sorbose  (0.5  - 4%)  were 
the  paramorphogenic  agents  better  adapted  to  restrict  increase  in  diameter 
of  Botrytis  colonies.  Sodium  dodecyl  sulfate  (0.006  - 0.01%)  had  less 
influence  and  hexachlorocyclohexane  (0.03  - 0.1%)  did  not  restrict  colony 
growth. 

B.  allii  was  more  susceptible  to  all  antibiotics  used  than  were  B^ 
cinerea  and  B.  gladiolorum.  Even  though  complete  inhibition  of  mycelial 
growth  was  induced  with  five  antibiotics  (nystatin,  phleomycin,  jaimara- 
cin,  cyclohexamide , and  griseof ulvin) , spore  germination  was  only  partially 
inhibited. 

A method,  referred  to  as  the  paper  disc  technique,  was  used  to 
determine  the  relation  between  concentration  of  phleomycin  and  nystatin 
and  inhibition  of  mycelial  growth  of  three  Botrytis  species.  A direct 
correlation  was  found  between  phleomycin  concentration  (500-600  ppm)  and 
mycelial  inhibition,  but  the  only  notable  increase  in  effect  of  nystatin 
on  mycelial  inhibition  occurred  from  100  to  500  units/ml.  The  paper  disc 
technique  proved  to  be  a satisfactory  method  for  quantitative  measurement 
of  antibiotic  inhibition. 
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Clones  were  selected  on  media  amended  with  L-sorbose  or  sodium 
desoxycholate  and  concentrations  of  the  antibiotics  mentioned  above  or 
tryphenyl  tetrazolium  chloride.  They  were  maintained  throughout  the 
course  of  this  study  on  the  same  medium  prepared  without  paramorphogenic 
materials.  Following  pathogenicity  tests  on  pepper  seedlings,  it  was 
concluded  that  these  materials  were  unsatisfactory  to  distinguish  pathogenic 
vs.  non-pathogenic  clones  in  vitro  since  all  of  the  clones  tested  induced 
disease  symptoms.  Some  of  the  clones  were  unable  to  survive  for  a 
prolonged  period  of  time  on  the  antibiotic  medium  on  which  they  were 
originally  selected. 

In  experiments  to  determine  the  influence  of  carbon  sources  on 
tolerance  to  antibiotics,  all  of  the  clones  tested  utilized  mannose, 
glucose,  and  fructose  better  than  glycerol.  There  were  no  notable  dif- 
ferences in  utilization  of  sugars  among  clones  selected  on  media  amended 
with  different  antibiotics.  Likewise,  clones  isolated  from  red  and  color- 
less colonies  in  triphenyl  tetrazolium  chloride  medium  did  not  differ  in 
their  ability  to  utilize  the  various  carbon  sources.  An  inverse  cor- 
relation was  found,  however,  between  sugar  utilization  and  mycelial  in- 
hibition with  both  nystatin  (1,000  units/ml)  and  phleomycin  (6,000  ppm). 

In  the  studies  summarized  above,  it  was  demonstrated  that  paramor- 
phogenic agents  can  be  useful  in  facilitating  the  selection  of  large 
numbers  of  single-spore  colonies  of  some  phytopathogenic  fungi.  While 
the  antibiotics  assayed  did  not  serve  to  distinguish  the  desired  biotypic 
differences,  the  procedures  developed  could  be  utilized  with  a wide  range 
of  selective  amendments.  However,  particular  attention  should  be  given 
to  the  influence  of  ingredients  in  the  basic  and  amended  media  to  avoid 
misinterpretation  of  results. 
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